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ABSTRACT

Mechanical and physical property data, necessary to fulfill the requhin,,ents of Phase '1 :f
the Department of Defense ritorjum Alloy Sheet Rolling Program, were obtained for selected
solution treated and aged titanium alloys in sheet form.

Four alloys were investigated: BS20VCA (Ti-13V-1 ICr-3AM), Ti-6A-4V, Ti-2.5A1-16V
and Ti-4A!-3/c-1V. They were supplied by the producers in the hea treated condition
from three or more heats and three thicknesses of each alloy. Static mechan;cal property
data for tension, compression, bearing, shear and crippling; creep and rupture data for
tension, compression, bearing and shear; and axial-loal fatigue data were ob::ined at
room and elevated temperatuw. Fastener and weld joint data from -320°F to 800 F and
physical properties from -42"fF to 1200DF were obtained.

Volume 1 summarizes mechr*cal and physical properties in a form consister.t with those
given in MIL-HDBK-5. Experimental procedures and test results for static mechanical
properties and physical properties are reported in Volume 2a. Volume 2b contains pro-
cedures and results for creep and fatigue tests ond Volume 3 is a tabular compilation of all
data obtained in the program.

This technical documentory report has been rnviewed and is aptxoved.

W. J. TRAP

Chief, Strenth ad Dynomics Urnch
Metals andl Coramics LabcoraoryDirectorate of Matariols and Processes
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I - INTROMXCTION

In the mid WOthe Department of Defense organized on integrated progran to acceleratt
the development of high~ shengib titanlum alloy shoot fkw use In the design of advanced aircraft
and missile sy-twms. This pro~om, the Titonium Alloy Sheet Bolina Pxuogr, was coordinated
and administered by the Bureau of Aeronauutics, Department of "h Navy. The Materials
Advisory Beiord of the National Academy of Sciencew was requested so establish o panel so act
in an advisory capacity to the Bureau of Aeronautics, and did sowith individuals selected from
research oranixotlons and academic Institutions, firom the tiforium piroducing industry and frmm
Yorious aircraft comupanies. Uoison representatives were provided to th Pnanl by the various

gvtrvnentol agenc~ies concarned with titanium alloy development. The first meeting of th
Materials Advisory Board Tiotanium Alloy Sheet Woling Panel was held on June 5 and 6, 1956
in Washington, D. C- At this meeting.a three phase Fmprga was outl ned. Phases loand Ill
were concerrwui with manuifocturing developme. ,V ad ma~erWo evaluation, respectively.
Phas~e 11, with which the present work is concerned, wos defined as Design Dol. Accumsulation
and was directed toward th development of mechnncol property data applicable to desuign
uses for the heat-trtuted titaniumn alloys. 'The initiation of wash on hase It wa delayed in
ordt r For rnonu'fccturing development to progress sufficiently so *estl1sh consistent proctssng
tecY'iques which would make sheet material, having uniform properties, available for testing.
Work cogr~me-wed on Phase 11 of the 000 TASRP on 31 Mach 1939.

General

The program fix collection of design data sumatarized In this report wasdvidod inft four basic
Phases as Follows:

1 . Phase 1, ',Static Properi~es" - roam and eledelod
temyelrature dot. foe short-time terelon, compression,
tearingl, shear *Ad crippling effect of loan-time
temperatswe expolure on tereile peopertics.

2. Phase 11, TMCreep-116pure Properties- - creep and nuptur
propertits fkr tefeon and beoring; creep prtpe~tes for
comfpression; and rupture prPopertes for shear.

3. Phase III, Oatlgue Pope-tlesm - axiail odtsuloin-
tention and tenon-opes fatigue doe at niom
and qlwvted ftempe*uvs for variows strenss ios and
stres concentratio factors.

4. Phase IV, OPhyuicol and Joint Properties* - measurement
of specific hoat, thermal coefficient of exponslon and
thermal conductivity from -420"F to 1200f; sreuigih daft
For mec%onlcol arid welded jWnft frma -37 to OSRF.

kMnuscr~pt r-T--:d on May 30, 1962 for publication as -n AMD Technical Documentairy
Report.



Four titanium alloys, 612OYCA(Ti-13V-1 )Cr..3A!), Ti-6AI-4V, Ti-2.SMA1-6V anid
Ti-4A1-3M*-JV, supplied by the producers in W.!ulmn-treooe anid aged condition from DOD
stock were evaluated. The material wan from Ohree nominal thid-mqsss- and several heats of
each allayv and was specified to met Owe requirements of quality, interstitlei limits and
strength establishd by the Meterials Advisory load. Huarever, same of the required material
wasn unavailable from producer's current supplies and It was necessary oe s~rustit early DOD
sheet, commercial Ashet and reetetdsheet. FRw certain last canditlais requiring
forming and welding the materIal was received in the solution-treated conditivA end was
subsequentlyt a*e by Leckheed. The teting procedures employed In this p row -m followed
Ohe recommendatin of the MO. Subponel on Unsiform PwAceuAm ifr Structural Design Datot
Collection. Membersof this subpeel acted in a consulting copacty during the course of
data collection.

Volume 3

The final engineering riep" ispresented infour volumes. This volume prw eset tabular
conipi lotion of the data acquired an a result ofth progrm for collection of design data
for the four titanium alloys.
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II - ¶U YMAXY

PcchimrckJ:! and physical property data ore tabulktod fr three thickneses and several heats

of wolwion trealvd tvid aged SI2OVCA, TI-6AI-4V, Ti-2.SAI-16V and TI-4Al-3Wo-IV. Toro
room-lre.ph•tvre, tests ard three Nts at eoch of the specified elevated teMperoture were
Cduc:ted to obtain the tensile, compremive, bee'rg, single sheor and double shw data
ioas,,ted For each meteiol vorioble. Tensile, compressive, bearing, single 9'"W @.t double
shýar creep-rupture promrties were determined for all alloys except 1120VCA and times to
rLech voari deformations amd rupture at nrunwco stress le% ll are tabuloted. The included
fotig• r.c:o cie the reults of ecom and eleve temperature evaluimtlom at two strm
cance•itOtiofs and th•re stres ra'ios. Fostnr; joint, weld joint and tenile properties ore
pre••ntod for one thicknow of each alloy for a -320F to 83oF temperature rarne. Abo
included ore the tesults of thermal expansion meosurements over a tenpierat-re range of
-45r3F to 12C!'°F and tOema: cenductivity measremens from 30(F to 1200PF.

These data are segregated herein according to type, thickness, grain direction and tenper'tu•e
for each alloy and average vwlufts are presente6 where procticabll.

The followirm table stumarizes the progra as to test types, test conitions, properties
det"ermnied, and the report volume or volumes in which specific Information may be fewnd.

3
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